Objective To measure association between hepatic fat and albuminuria (an early marker of renal injury) in individuals without diabetes or hypertension. Methods 2,281 individuals in the Multi-Ethnic Study of Atherosclerosis without diabetes or hypertension, renal disease, or excess alcohol consumption underwent computed tomography (CT) for assessment of liver attenuation (marker of hepatic lipid content) and urinalysis (for albuminuria) at initial study visit, with assessment of incident and prevalent albuminuria by logistic regression in follow-up. Results After adjustment for age, gender, race, smoking, blood pressure, insulin resistance, and body mass index, individuals with less liver fat (higher liver CT attenuation) had a lower probability of having albuminuria at Exam 1 (OR per 10 unit increase in attenuation 0.77, 95 % CI 0.61-0.97, P = 0.02). At median 9.3 years follow-up, albuminuria was identified in 129 individuals were (5.8 %). In fully adjusted models (with age, smoking, body mass index, blood pressure, diabetes and hypertension as timedependent covariates), lower liver attenuation (greater liver fat) was associated with higher risk of incident albuminuria (OR 0.79, 95 % CI 0.66-0.94, P = 0.008). Conclusions Hepatic attenuation is associated with prevalent and incident albuminuria, an early, potent risk factor for renal risk in a population not clearly at risk for future renal failure.
Introduction
Obesity and obesity-related illnesses represent a growing clinical problem worldwide. Among the multiple effects of obesity on health, chronic kidney disease has emerged as a potential consequence and is associated with subsequent poor outcomes. While hypertension and diabetes may explain a significant proportion of obesity-related renal disease, direct toxicity from pro-inflammatory fat-in the absence of hypertension and diabetes-has been recently proposed as a potential mechanism for renal dysfunction, independent of body mass index (BMI) [1] [2] [3] . Body mass index may not predict progressive renal failure in patients with type 2 diabetes [4] . Indeed, pro-inflammatory adipokines that characterize hepatic and visceral fat inflammation are associated with albuminuria and chronic kidney disease [5] . While a wealth of data has connected non-alcoholic fatty liver disease-a pro-inflammatory consequence of obesity and dysfunctional adiposity-with renal dysfunction [6] [7] [8] [9] [10] , longitudinal studies in large multi-racial cohorts without diabetes or hypertension at baseline are less common [11] [12] [13] [14] [15] . This is especially relevant given that the risk of albuminuria is reversible with surgical weight loss in small studies, independent of other metabolic risk factors [16] .
Despite these promising cross-sectional associations, the long-term prognostic value of measures of pro-inflammatory visceral adiposity on the development of kidney disease are lacking, especially in those individuals without hypertension or diabetes who are generally managed in the clinic. To address this important gap, we studied development of micro-and/or macroalbuminuria over 10 years as a function of initial hepatic fat content-a central, easily measured index of metabolic dysfunction across BMIamong individuals from the Multi-Ethnic Study of Atherosclerosis (MESA). The primary goal of this work was to determine the role of hepatic fat at baseline in predicting future long-term risk of subclinical renal disease in individuals free of hypertension and diabetes.
Methods

Participant population
The MESA study has been described previously [17] . In brief, the MESA cohort consisted of 6,814 men and women of different ethnicities (white, African American, Chinese American, and Hispanic) enrolled from six different national sites and who were free of clinical cardiovascular disease (history of myocardial infarction, angina pectoris, prior revascularization, heart failure, atrial fibrillation, stroke, or peripheral arterial disease) at the time of study entry. To limit the effects of prevalent hypertension or diabetes on albuminuria, we excluded MESA participants with hypertension (defined as use of any anti-hypertension medication, systolic blood pressure [140 mmHg or diastolic blood pressure [90 mmHg or self-report) or diabetes (defined as self-reported history of diabetes or use of insulin or oral hypoglycemic therapies, or fasting glucose C126 mg/dl). We also excluded subjects with known cancer, cirrhosis, kidney disease or who reported excess alcohol consumption ([14 drinks per week for males; [7 drinks per week for females). Finally, we excluded patients with missing data for body mass index, albuminuria or liver attenuation. All protocols were approved by the Institutional Review Board at each participating institution. All participants provided written informed consent.
Clinical and biomarker assessments
Demographics, medical history, medications, and physical examination (including anthropometric indices, including BMI and waist circumference) were conducted at 5 clinic visits approximately every 2 years (2000-2011) [18] . At baseline, liver attenuation by computed tomography (CT; a marker of hepatic fat content) and coronary artery calcium score was measured in all subjects as reported [19] . Fatty liver was defined as liver tissue with intensity B40 Hounsfield units [20] [21] [22] [23] . Blood was collected at Exam 1 for insulin, glucose, C-reactive protein, matrix metalloproteinase (MMP)-3 and MMP-9, and plasminogen activator inhibitor-1, as described [24, 25] . Urine albumin and creatinine were assessed as described [26] . Homeostatic model of insulin resistance (HOMA-IR) was calculated as fasting insulin in mU/l 9 fasting glucose in mg/dl divided by 405 [27] .
Urinary albumin and creatinine concentrations were collected as described [28] . In brief, urinary albumin was measured by nephelometry via the Array 360 CE Protein Analyzer (Beckman Instruments), with a lower limit of detection of 0.2 mg/ml. Urinary creatinine was assessed using the Vitros 950IRC instrument (Johnson and Johnson Clinical Diagnostics), with a range of 0.05-16.5 mg/dl and a coefficient of variation 2.5-2.9 %. A random spot urine albumin to creatinine ratio was calculated. These measures were obtained from Exams 1, 2, 3, and 5. ''Microalbuminuria'' was defined by spot urinary albumin-to-creatinine ratio as 30-300 mg urinary albumin per gram of urinary creatinine, and ''macroalbuminuria'' was defined as urinary albumin to creatinine ratio [300 mg. For the purposes of analysis, ''prevalent albuminuria'' was defined as any albuminuria at Exam 1, and ''incident albuminuria'' was defined as the subsequent development of albuminuria in individuals without albuminuria at Exam 1.
Statistical analysis
Covariates were examined for normality and parametric or non-parametric tests were selected as appropriate to compare clinical and biochemical characteristics, stratified by prevalent (baseline) and incident albuminuria. We used logistic regression to explore the relationship between hepatic steatosis and prevalent albuminuria, including after adjustment for relevant confounders. In addition to age, gender, and race, further adjustments were performed for metabolic risk factors that (1) are well-known to influence the development of renal dysfunction (diabetes, IFG, HOMA-IR, BMI, systolic blood pressure) and (2) are associated with obesity and insulin resistance (IFG, HOMA-IR, diabetes). We then used discrete-time logistic regression to model the relationship between hepatic steatosis and incident albuminuria, including after adjustment for relevant clinical and metabolic risk factors. Given the importance of hypertension and diabetes in risk of albuminuria, we adjusted for the development of either condition as a time-dependent covariate. Direct adjusted survival curves from the final survival models visualized survival free of albuminuria during follow-up [29] . SAS (version 9.4, SAS Institute, Cary, NC, USA) and R (version 3.1.1, R Foundation for Statistical Computing, Vienna, Austria; http:// www.R-project.org/) were used for all analyses. Two-sided p-values less than 0.05 were considered statistically significant.
Results
After exclusions (listed above), the final cohort was comprised of 2,281 individuals (Table 1) . In general, MESA participants without albuminuria at any time during the study period were younger with a more salutatory metabolic profile, signified by a slightly lower BMI, systolic blood pressure, HOMA-IR, waist circumference, and serum IL-6 concentration. Relative to those with incident or baseline albuminuria, individuals without albuminuria also had evidence of less hepatic fat content (measured as a slightly higher liver attenuation). Of note, neither overall weight nor estimated glomerular filtration rate at baseline was different between those with and without albuminuria. A higher coronary artery calcium score (a marker of subclinical cardiovascular disease) was associated with presence of albuminuria, as has been reported in MESA [26] .
A higher liver attenuation by CT (less hepatic fat) was associated with lower odds of albuminuria at baseline (unadjusted odds ratio OR for every 10 Hounsfield unit increase in attenuation 0.74, 95 % confidence interval CI 0.61-0.90, P = 0.002; Table 2 ). After adjustment for age, gender, race, smoking, baseline systolic blood pressure, HOMA-IR, and body mass index, the relationship between liver attenuation and albuminuria persisted (adjusted OR 0.77, 95 % CI 0.61-0.97, P = 0.02). Notably, individuals with a frank fatty liver had a nearly 2.96-fold higher odds of prevalent albuminuria after adjustment (Table 2) . There was no evidence of heterogeneity in this association by age, gender, race or obesity status (BMI [ or \30 kg/m 2 ). IL-6, C-reactive protein, and estimated GFR were not significant in models for prevalent albuminuria.
At a median of 9.3 years (IQR 8.5-9.7) of follow-up, 129 individuals developed albuminuria (129/2,281; 5.8 %). A fatty liver was associated with a greater risk of incident albuminuria, with 5.6 % incident albuminuria (119 cases/ 2,191 individuals) in individuals with a normal liver versus 12.2 % in individuals with frank fatty liver (10 cases/90 individuals; P = 0.03). Every 10 unit increase in liver attenuation was associated with a lower odds of incident albuminuria in unadjusted models (OR 0.81, 95 % CI 0.70-0.95, P = 0.009). In fully adjusted models (with smoking, age, BMI, systolic blood pressure, HOMA-IR, diabetes status and hypertension as time-dependent covariates), the association between increased liver attenuation and albuminuria was not significantly altered (multivariable OR 0.75; 95 % CI 0.63-0.89, P = 0.001; Table 3 ; Fig. 1 ). Results were similar with fatty liver (multivariable OR 2.13, 95 % CI 1.02-4.34, P = 0.04). Further adjustment by IL-6 (which was associated with incident albuminuria) did not significantly change the effect size for liver attenuation. Results were similar for both incident and prevalent albuminuria when waist circumference was used instead of BMI.
Discussion
In a study of 2,281 participants in MESA without diabetes or hypertension at study entry, more hepatic fat (as reflected in lower CT attenuation) was associated with greater risk for albuminuria at the index study visit. In addition, greater hepatic fat content (by CT) identified individuals at higher risk for subsequent development of albuminuria over 9 years. These associations were independent of age, gender, race, or body mass index, as well as systolic blood pressure and insulin resistance (by HOMA-IR), suggesting that liver fat measures by CT may be a robust, independent early marker of metabolic disease before the onset of frank diabetes or hypertension. Given the ease of measurement of liver attenuation in any non-contrast CT and the central pathophysiologic importance of the liver as a marker of dysfunctional adiposity, these results suggest that non-invasive assessment of hepatic steatosis may provides a window into early metabolic changes that predate established renal and vascular dysfunction. 
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Entries are expressed as median (interquartile range) or number of subjects (percentage of total). P values refer to three-way comparison between no albuminuria, incident, prevalent albuminuria Though data studying the long-term impact of direct markers of hepatic steatosis-a central index of visceral obesity and metabolic dysfunction-on renal dysfunction have been mixed, the preponderance of evidence suggests a link between hepatic fat and renal damage. This topic has been extensively reviewed recently [30] . In a recent report from the Edinburgh Type 2 Diabetes Study, Jenks and colleagues defined hepatic steatosis by ultrasonographic criteria in 933 patients with T2D (530 with steatosis; 57 %), reporting no difference in decline in glomerular filtration rate or incident albuminuria to 4 years' follow-up [31] . Separate data using ultrasound to detect steatosis in the National Health and Nutrition Examination Survey (1988) (1989) (1990) (1991) (1992) (1993) (1994) ) also demonstrated no association with chronic kidney disease or albuminuria [32] . Nevertheless, investigations in several other studies have consistently demonstrated an association between hepatic steatosis and incident kidney disease (defined by glomerular filtration rate or proteinuria) [11] [12] [13] [14] . Each of these studies provides extensive adjustments for cardiac and metabolic risk, implying that hepatic fat accumulation may impact renal disease independent of effects on diabetes or hypertension alone. In addition, studies in type 1 diabetes using ultrasound-defined hepatic steatosis have shown the opposite result, with non-alcoholic fatty liver disease associated with greater risk of decline in renal function or microalbuminuria [6, 8] . Microalbuminuria, in turn, has been associated with greater liver fibrosis in patients without diabetes with fatty liver disease [33] , suggesting an important cross-talk between liver tissue architecture, hepatic steatosis, and renal dysfunction.
One of the important limitations of several published studies in this field is the inclusion of patients with established hypertension or diabetes, significant contributors to chronic kidney disease worldwide. In contrast, our findings extend these prior results in a pre-diabetic and diabetic population to an even earlier stage, thereby providing additional evidence for a robust association between hepatic fat accumulation by CT and prevalent albuminuria in the community, independent of age, race, gender, or obesity status. In contrast to prior work utilizing less sensitive ultrasound measures, MESA utilized CT measures of liver attenuation as an index of hepatic fat content, which is tightly associated with lipid content in phantom studies and in patients [34, 35] and identifies individuals with significant hepatic steatosis (with a liver attenuation \40 HU associated with [30 % hepatic steatosis) [20] [21] [22] [23] . Furthermore, we specifically limited our population to individuals without diabetes or hypertension at index examination to target a population not readily recognized as having significant renal risk. Indeed, the demonstration that a single index of hepatic fat content is independently associated with incident albuminuria in this population (even after adjustment for incident diabetes or hypertension) is a testament to the importance of the liver not only in metabolic, but also renal, risk. In a large pooled study of 13,324 individuals from the Atherosclerosis Risk in Communities and Cardiovascular Health Study (mean BMI 27.2 kg/m 2 ) over 9.3 years, Elsayed and colleagues [36] found that changes in waist-to-hip ratio were associated with an increased hazard of chronic kidney disease (0.4 mg/dl increase in serum creatinine or 15 ml/min/1.73 m 2 decrement in glomerular filtration rate) while BMI was not associated with renal dysfunction in this study.
The results of this study should be viewed in the context of its design. One striking finding in the study was the relatively low prevalence of ''fatty liver'' as defined by Hounsfield unit threshold (\40 HU). On first blush, this observation suggests that our population may not have been at highest metabolic risk; however, our observation that liver attenuation (treated as a continuous variable) is strongly associated with renal outcomes is a testament to the nature of attenuation as a continuous marker of prognostically important hepatic steatosis. Gold standard indices of hepatic lipid content (e.g., proton magnetic resonance spectroscopy) were not available within MESA; however, CT attenuation is closely associated with spectroscopic results [34, 35] . While the event rate in our population supported the extent of adjustment in multivariable models, additional follow-up for more events may add power to the modeling results. Finally, examining more sensitive measures of renal dysfunction (e.g., cystatin C, neutrophil gelatinase-associated lipocalin, kidney injury molecule-1, or interleukin-18) may be more informative for different renal injury mechanisms. Albuminuria, however, remains a powerful marker of future cardiac, vascular, and renal risk that is used clinically as a criterion for early renal dysfunction.
In conclusion, these results from MESA demonstrate the association between hepatic attenuation, an easily accessible, marker of inflammation and metabolic disease, with prevalent and incident albuminuria, which is an early and potent risk factor for renal risk and all-cause mortality in a population not clearly at risk for future renal failure. Using hepatic fat content as a potential metric to identify at-risk individuals may identify those at future risk of renal dysfunction and its downstream health consequences.
